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Introduction
Cancer is the leading cause of death and represents one of the most threatening diseases worldwide. In the recent report, it has been estimated that 12.7 million new cancer cases and 7.6 million cancer deaths occur in 2008, with 56% of new cancer cases and 63% of the cancer deaths occurring in the less developed regions of the world (Ferlay et al., 2010) . Throughout the history of civilization, the human have relied on natural products as a primary source of medicine. Herbal medicines have been proven to be an important source of novel agents with a pharmaceutical potential. Many anti-cancer drugs in current use are either natural products or are derived from natural products. Herbal medicines, such as paclitaxel, camptothecin, vinca alkaloids, and etoposide hold great potential as promising agents for the treatment of cancer (Cragg and Newman, 2005) . Natural products have tradition-ally provided a rich source of drugs for many diseases, including cancer and plants are an important source of novel natural products (Amin et al., 2009) . In 2008, of the 225 drugs being developed, 164 were of natural origin, with 108 being derived from plants, 25 from bacterial sources, 7 from fungal and 24 from animal sources. And, to throw some more numbers around, of the 108 plant-based drugs, 46 were in preclinical development, 14 in phase I, 41 in phase II, 5 in phase III and two had already reached pre-registration stage (Harvey, 2008) . David Newman and Gordon Cragg (Newman and Cragg, 2007) found that of 155 FDA-approved small molecule anti-cancer drugs, 47% were either natural products or directly derived there from.
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Accumulated data indicate that Costunolide was isolated from many plant species such as Saussurea lappa Li et al., 2006; Zhang et al., 2011) , Aucklandia lappa Decne (Li et al., 2005; Rasul et al., 2011) , Michelia floribunda (Mondranondra et al., 1990) , Magnolia grandiflora (el-Feraly and Chan, 1978; , Podachaenium eminens (Castro et al., 2000) , Magnolia sieboldii (Park et al., 2001a; Park et al., 2001b) , Tsoongiodendron odorum Chun (Song et al., 2001) , Cosmos pringlei (Mata et al., 2002) , Laurus nobilis (De Marino et al., 2005; Matsuda et al., 2002) , Laurus novocanariensis (Ferrari et al., 2005) , Magnolia kobus (Park et al., 2010) , Eupatorium lindleyanum , and Magnolia ovata (Kassuya et al., 2009) .
Biological Functions
As a medicine, costunolide is a famous sesquiterpene lactone, which is used as popular herbal remedies, with anti-ulcer (Matsuda et al., 2002; Pandey et al., 2007) , anti -inflammatory (Kassuya et al., 2009; Macias et al., 1999; Mondranondra et al., 1990; Pae et al., 2007; Park et al., 1996; Song et al., 2001; Stefani et al., 2006) , anti-fungal (Barrero et al., 2000; Kang et al., 2004; Wedge et al., 2000) , anti-viral properties (Chen et al., 1995) , Antipyretic (Kassuya et al., 2009) , antimycobacterial activities (Fischer et al., 1998; Luna-Herrera et al., 2007) , and inhibition of the cellular production of melanin (Choi et al., 2008) , human lamin-B by farnesyl-protein transferase (FPTase) (Park et al., 2001b) , and protein tyrosine phosphatase 1B (hPTP1B) (Li et al., 2006) . Costunolide exhibited strong larvicidal activity against A. albopictus (Liu et al., 2011b) . It also reported that, costunolide is involved to inhibit the expression of inducible nitric oxide synthase (De Marino et al., 2005; Fukuda et al., 2001; Matsuda et al., 2000; Park et al., 1996) and the DNA-binding activity of NF-κB (Castro et al., 2000; Koo et al., 2001; Stefani et al., 2006) and has potential as natural herbicide (Macias et al., 1999) . Furthermore, costunolide potentiated 1,25-(OH)2D3-induced differentiation in HL-60 promyelocytic leukemia cells (Choi et al., 2002b; Kim et al., 2008; Kim et al., 2002) , via the interference with NF-κB activation. Further studies demonstrate that costunolide has antitumor potential by inhibiting proliferation, inducing apoptosis and reducing invasion and metastasis of a wide variety of tumor cells, including breast cancer cells (Bocca et al., 2004; Choi et al., 2005; Choi et al., 2011) , hepatocellular carcinoma cells (Chen et al., 1995; Liu et al., 2011a; Sun et al., 2003) , prostate cancer cells (Hsu et al., 2011) , leukemia cells (Choi et al., 2002a; Choi and Lee, 2009; Choi et al., 2002b; Hibasami et al., 2003; Kanno et al., 2008; Kim et al., 2008; Kim et al., 2002; Kim et al., 2011b; Komiya et al., 2004; Lee et al., 2001; Song et al., 2001; Srivastava et al., 2006) , gastric cancer cells (Ko et al., 2005; Rasul et al., 2011) , colon cancer cells (Kawamori et al., 1995; Mori et al., 1994) , melanoma cells (Chen et al., 2007; Park et al., 2001b) , cervical cancer cells (Sun et al., 2003) , KB and P388 tumor cell (Mondranondra et al., 1990) , and platinum-resistant human ovarian cancer cells . It was also reported that costunolide inhibited angiogenic response by blocking the angiogenic factor signaling pathway (Jeong et al., 2002) and microtubule-interactting activity of costunolide (Bocca et al., 2004) .
Mechanism of Anti-cancer Activity
Accumulated data indicate that, costunolide has potent anti-cancer activity, although several studies have conducted to determine the mechanism of anti-cancer activity of costunolide against variety of cancer cells. Yet mechanism of cytotoxic activity of costunolide has not been fully elucidated. Here, we reviewed studies related to anti-cancer activity of costunolide till now and have summarized the as yet reported pathways (Figure 2 ).
Effects on Apoptosis
Apoptosis is an evolutionally conserved process of cell death mediated by the activation of specific proteases, the caspases, and characterized by DNA fragmentation and nuclear condensation (Kroemer et al., 1995) . The induction of apoptosis in tumor cells is an important mechanism for the efficiency of chemotherapy drugs. It has been reported that some kinds of sesquiterpene compounds induced apoptosis in cancer cells (Furuya et al., 1994; Woynarowski et al., 1997) and costunolide was also proven to have preventive effects on intestinal carcinogenesis, (Mori et al., 1994) suggesting an apoptosis-inducing activity of costunolide. Studies demonstrate that costunolide induces apoptosis in HL-60 human leukemia cells by the ROS-mediated mitochondrial permeability transition and resultant cytochrome c release , activates the cleavage of poly-(ADP-ribose) polymerase (Park et al., 2001a) , by depleting intracellular thiols (Choi et al., 2002a) and inducing the chromatin condensation (Hibasami et al., 2003; Komiya et al., 2004) . Costunolide -induced apoptotic mechanisms are that the receptormediated pathway precedes the mitochondriadependent pathway, caused by the inhibition of telomerase activity via suppression of hTERT in NALM-6 cells (Kanno et al., 2008) , alters the balance of antiapoptotic Bcl-2 (Choi et al., 2002a; Rasul et al., 2011) and induces apoptosis by activation of c-Jun N-terminal kinase (JNK) in leukemic U937 cells (Choi and Lee, 2009 ) and inhibition of the prosurvival Akt and nuclear factor kappa B signaling pathway in human endometriotic epithelial cells (Kim et al., 2011a) . Furthermore, costunolide induces the depletion of intracellular thiols and overload of nuclear Ca 2+ , and inhibits Rb phosphorylation in prostrate cancer cells (Hsu et al., 2011) and Fas-mediated extrinsic apoptosis in estrogen receptor-negative breast cancer cells, MDA-MB-231cells .
Effects on cell proliferation and cell cycle
Evidence shows that costunolide reduces tumor development by inhibiting cancer cell proliferation and altering cell cycle. Studies comparing a number of sesquiterpene compounds show that costunolide inhibits the proliferation of human cancer cell lines representative of hepatocellular carcinoma (HCC) cells (Liu et al., 2011a) , prostate cancer (Hsu et al., 2011) , gastric cancer cells (Rasul et al., 2011) , and estrogen . Moreover, Saussurea lappa fraction containing the costunolide arrested cell cycle at G2/M phase in AGS gastric cancer cells (Ko et al., 2005) . Now it is clear that anti-proliferative effects involve the arrest of cell cycle progression. Accumulated data indicated that costunolide arrested the cell cycle in different phases in a cell line dependent manner such as in gastric cancer and breast cancer cells, MDA-MB-23 at G2/M Phase (Choi and Lee, 2009; Ko et al., 2005; Rasul et al., 2011) , in hepatocellular carcinoma (HCC) cells at mitosis, not G2 phase, and in prostate cancer at G1 phase. The cell cycle progression is controlled by activation and inactivation of different classes of cyclins, cyclin-dependent kinase (Cdk) and other regulatory proteins. Among them, the activated cdc2/ cyclinB regulates the cell cycle progression from G2 to M phase (Taylor and Stark, 2001 ). The cyclin-dependent kinase inhibitor p21 (also known as p21WAF1/Cip1) promotes cell cycle arrest in response to many stimuli (Abbas and Dutta, 2009 ). In both androgen-dependent (LNCaP) and independent (PC-3 and DU-145) prostate cancer cells, costunolide arrests the cell cycle at G1 phase which involve the association of p21 with the cyclin dependent kinase 2/cyclin E complex blocks cyclin dependent kinase 2 activity and inhibits Rb phosphorylation (Hsu et al., 2011) . Furthermore, costunolide induced cell cycle arrest in the G2/M phase via decrease in Cdc2, cyclin B1 and increase in p21WAF1 expression, independent of p53 pathway in p53-mutant MDA-MB-231 cells and increases Cdc2-p21WAF1 binding .
Effects on Angiogenesis
Angiogenesis is the generation and growth of new blood vessels from pre-existing vessels. When the balance between angiogenic and angiostatic factors is disrupted, tumor cells may begin to release uncon- trolled angiogenic factors, including vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) (Liekens et al., 2001 ). These factors go on to stimulate endothelial cell proliferation, and newly formed endothelial cells break down the extracellular matrix, migrate to cancer cells, and eventually begin to form lumen. Tumor angiogenesis is well known to play a key role in tumor growth and metastasis (Hoeben et al., 2004; Liekens et al., 2001) , and angiogenesis inhibitors have been regarded as potential therapeutic agents for cancer treatment (Griffioen and Molema, 2000) . Jeong et al has been reported that costunolide inhibits human umbilical vein endothelial cells (HUVECs) prolifiration and migration by blocking the angiogenic factor signaling pathway and inhibited the VEGF-induced autophosphorylation of KDR/ Flk-1 in NIH 3T3 cells overexpressing KDR/Flk-1 which is related with endothelial cells angiogenesis. Moreover, an in vivo mouse corneal micropocket assay, angiogenesis model has further confirmed that costunolide suppressed VEGF-induced neovascularization in mouse cornea. Taken together, these results suggested that costunolide is a potent angiogenesis inhibitor with the potential to be adopted as a novel agent in anti-cancer therapy (Jeong et al., 2002) .
Other Effects
Costunolide reduced four azoxymethane-induced biomarkers, such as the frequencies of ACF/colon, ornithine decarboxylase activity, polyamine concentration level, and silver-stained nucleolar organizer region number in the colon and azoxymethane-induced intestinal carcinogenesis in rats which provide the evidence that costunolide could be a promising chemopreventive agent for human colon and intestinal neoplasia (Kawamori et al., 1995; Mori et al., 1994) . Oxidative stress and inflammatory disorders are now widely known as a major pathogenetic factor of carcinogenic malignant transformation. In HL-60 human leukemia cells, costunolide has been shown to induce oxidative stress and cause subsequent apoptosis by elevating intracellular ROS and nitric oxide levels and reducing cellular anti-oxidant capacity ). The nuclear factor-kappa B (NF-κB) belongs to the transcription factors family and plays a critical role in several signal transduction pathways involved in various cancers. Activation of NF-κB is involved in proliferation, invasion and apoptosis of tumor cells, either promoting or inhibiting, depending on cell type and condition (Nam, 2006) . Costunolide inhibits the telomerase activity by down regulation of hTERT and transcriptional factors c-Myc and SP1 (Choi et al., 2005) , whereas costunolide inhibits NF-κB activation and iNOS induction (Fukuda et al., 2001; Matsuda et al., 2000) . Koo et al. showed that costunolide also dose dependently inhibited LPS-induced NF-κB activation (Koo et al., 2001 ).
Structure Activity Relationship
It is generally believed that the bioactivity of sesquiterpene lactone is mediated by alkylation of nucleophiles through their , -or , , -unsaturated carbonyl structures, such as -methylene--lactones or , -unsaturated cyclopentenones. These structure elements react with nucleophiles, especially the cysteine sulfhydryl groups by Michael-type addition. Therefore, it is widely accepted that thiol groups such as cysteine residues in proteins, as well as the free intracellular GSH, serve as the major targets of sesquiterpene lactone. In essence, the interaction between sesquiterpene lactone and protein thiol groups or GSH leads to reduction of enzyme activity or causes the disruption of GSH metabolism and vitally important intracellular cell redox balance. Sesquiterpines having exo-methylene group on lactone part are responsible for cytotoxic activity. The relationship between chemical structure and bioactivity of costunolide has been studied in several systems, especially with regards to cytotoxicity. It has been reported that exo-methylene group on lactone part of sesquiterpene lactones is required for eliciting cytotoxicity (Sun et al., 2003; Zhang et al., 2005) . It (Srivastava et al., 2006) has been reported that costunolide having exo-methylene group exhibits good activity, when exo-double bond on position 13 was replaced with methoxy group and C-4 double bond was substituted with carbonyl, cytotoxicity decreased drastically against Colo205, A431, MCF-7 and A549 cell lines (Figure 3 ). The compound, costunolide showed little effect on the viability of human hepatoma Hep3B cells when observed in Hep3B and HepA2, but it lowered down the rate of production of hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) in a dose-dependent manner with IC50s of 1.0 and 2.0 µM. The suppression process occurred at mRNA level which was found through Northern blotting analysis. (Chen et al., 1995; Corona et al., 2005) .
Conclusion and Future Perspectives
The studies described in this review show that the antitumor capacity of costunolide is due to inhibition of proliferation, invasion and metastasis, as well as induction of apoptosis, indicating that costunolide has the potential to become an effective, systemic antitumor remedy. However, the safety, tolerance and pharmacokinetics of costunolide have not been fully tested on either animals or humans. There is need to conduct studies to test the acute toxicity of costunolide on animals or humans, providing a rationale for clinical development of costunolide as a novel remedy in cancer therapy. Unfortunately, to date, no attempts have yet been made to test the chemotherapeutic potential and safety of costunolide at the preclinical and clinical level. The major challenges in the future are the development of an appropriate dosage form and the evaluation of clinical study employing costunolide.
